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The effect on six types of backwai wave oscillator valve covering the

frequency range from 520 to 1370 Mo/s az 2500 to 4000 M/s is described under

conditions where they are frequency mod ted at frequencies from 2.5 to

16 M/s over deviations exterding to th full tuning range of the valve. The

main effect conmon to all types is a r ction in R1" power output, the

greatest reduction occurring with high ulating frequencies and large

deviations. It is concluded that if m tion over the tuning range of the

valve is necessary, the highest usable m ulating frequency ranges from

8 M/s for the lowest frequency valve tes ed to 16 b/s for the highest,
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1 INTRODUCTION

1. I The backward wave oscillator valve (b.w.o.) or carcinotron is a voltage

tunable microwave oscillator capable of being tuned at high rates over
frequency ranges up to 25o of the centre frequency. Two broad classes of these

valves ar- in current use; '0-type', usually restricted to lowa power outputs

(less than I watt), and '11 -type', normally producing in excess of 100 watts.
In certain applications it is necessary to frequency modulate U1-type b.w.o,

valves over deviations comparable wlith the tuning range of the valve at

frequencies extending from 1-20 vc/s. Under such conditions the rate of change

of frequency may become so large t1At The normal operating conditions of the

valve are disturbed and the output power falls. Early work showed that quite

serious loss of output power could result from frequency modulation with high

frequency sine waves and a programme of experimental work was conducted to try

and establish the relevant parameters and performance limitations of the various
valves of interest.

1.2 The range 3f valves used in the tests were high powver 0 backward wave

oscillators operating at line voltages in the 2-5 kV region at line currents

of 350 mk, and covered the frequency range 520-1370 IM/s and 2500-4000 Lb/s
with pa~er outputs of several hundred watts. Details are given in Appendix A.
The work wTas conducted at t-o commercial laboratories as well as at R.A.E.

Farnborough, and the valves were modulated at frequencies cf 2.5, 5, 8, 10 and

16 Mc/s over deviations extending up to the tuning range of the valve concerned
and the power outputs measured. The results showed that the lower frequency

valves were most seriously affected, the maximum usable modulating frequency

being in the region of 8 Mi/s, whilst the S-band valves could be modulated

satisfactorily at 16 Mc/s. The important parameter was gene rally found to be

the mean rate of change of frequency, or the product of total deviation and

modulating frequency.

1.3 During the tests two other effects appeared and were investigated; namely

the heating of the DC input connector of the two S-band and the C-band valve
typos due to dielectric losses associatad with the modulating frequency, and

resonance of the internal loads and electrodes of these S-band b.w.o, types.
It was found that considerable, although not prohibitive, losses occurred with

modulating frequencies in the region of 16 ib/s when full deviation was
employed, and deterioration of the connector socket was likely if this condition

wore prolonged. The electrode resonance ef fect was found to be not important

for modulation frequencies less than about 20 l.b/s. It was also intended to
conduct measurements on two Stage A samples of a C-bard b.w.o. (VX3536) covering

CONMIhDEITlIAL
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the frequency range 5.1-6.7 Qc/s but it vas found that the application of the

16 Ib/s modulation caused excessive heating and burning of the DC input socket.

1.4 The work described in this report commenced in 1961 aind has been continued

as further valves have been developed. "riting of the report has been delayed

until all the results were available so that useful conclusions could be drawn.

2 EXPERIDENT AL EQUIPIEN2

2. 1 The work described in this report was conducted at three different

laboratories, the Development Laboratory of the Compagnie generale de tele-

graphic sans fil (CSF) in Paris, the Research laboratories of Plessey (UI) Ltd.

Roke Manor, Romsey and Radio Department R. .%E. Farnborough. Three separate

sets of equipment were thus employed of considerably different characteristics.

However, as the basic rmethods were the same in all cases, a description of the

equipment employed in the R.A2., measurements will be included as an example.

2.2 The equipment used is shown in block diagram form in Fig. I and consists

essentially of an oscillator capable of producing sufficient output voltage to

frequency modulate the backward wave oscillator under test over its entire

tuning range. Two oscillators were constructed, each capable of producing

1000 V Mv& across a load capacitance of 100 pF, operating at frequencies of

6 and 15/16 lb/s. The output voltage was capable of being reduced by a factor

of up to 20. A circuit diagram of the 15/16 lb/s oscillator is shoun in Fig.2,

the 8 M/s version differing only in the values of the tuning and coupling

inductors. The modulating voltage was applied to the cathode of the b.w.o.

though a high voltage capacitor, the other electrodes of the b.w.o. with the

exception of the line being decoupled to the cathode. The modulation thus

appeared between the line and sole electrodes, frequency modulating the tube.

Considerable care had to be taken to prevent the modulation signal passing

into the regulated dc power supplies for the various b.w.o. electrodes, this

being achieved by chokes and capacitors on each electrode lead close to the

tube, with a substantial copper braid 1,ad connecting the capacitors to ground.

The connections are shown in Fig. 3.

2.3 The RF output from the b.w.o, was fed, via a directional coupler, into a

power measuring device consisting either of a water calorimeter or a second

directional coupler plus thermistor bridge, depending on the frequency range

of the tube under test. The signal from the first coupler was taken to a

spectrum analyser to enable measurements of the degree of modulation to be

made. Wideband spectrum analysers were used in all R.A.E. and Plessey

measurements, the analysers employing either b.w. o,s or voltage tunable

COI FI FL iAL
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magnetrons as local oscillators, thus enabling the entire modulation spectrum

to be observed.

2.4 In order to obtain a reference power output for each b.w.o., provision

was made to frequency modulate the tube up to its complete tuning range by

means of a 50 c/s sinusoid. Under this condition the deviations were measured

by means of a cavity wavemeter and detector.

3 E)-F4 RIMINTAL ,10CEDURE

3.1 As mentioned in 2.1 the results contained in this report have been

obtained from measurements at three laboratories. Measurements at R.A.E. and

Plessey were done with modulation frequencies of 8 and 15 or 16 M!s, whilst

those done at C.S.F. used frequencies of 2.5, 5 and 10 M/s. The experinmental

procedure was, however, the same in all cases.

3.2 The selected b.w. o. was connected into the test circuit and allowed to

run for a period to stabilise the frequency. The line voltage was adjusted

so that the frequency of operation was in the centre of the tuning band and

the line current set to the normal operating value (generally 350 mA for all

tubes). Vhen thermal stability was reached the 50 c/s modulation was applied

and increased to give modulation over the complete range, the power output

then being recorded. The 50 c/s modulation was then removed and replaced by

the appropriate frequency being used of 8 or 16 11/s. The RF power output
was then recorded for various values of deviation up to the maximu tuning

range of the tube. As a check, measurements were also made of the modulator

output voltage for each deviation increment.

3.3 The method adopted for the measurement of deviation is of interest and

will be described in more detail. Generally speaking, it is difficult to

decide accurately from observation on a spectrum analyser what the frequency

limits of a frequency modulated spectrum are, particularly if a high frequency

modulating waveform is in use. No attempt Nas made to use the spectrum

analyser in this way in these measurements but instead the amplitude of the

carrier or first or second sidebands was closely observed and the modulation

voltage adjusted so that minima of the appropriate sidebands were produced.

(If no amplitude modulation were present, these minima would be true zeros.

However, because the pover output varies with frequency some amplitude

modulation inevitably occurs.) With a knowledge of the modulation frequency

the deviation could readily be calculated from tables of zeros of Bessel

functions. The method is described more fully in Appendix B and has been

found to produce accurate, repeatable results.

COM7IDENTIAL
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4 RESULTS

4. I Results have been produced in the foa of graphs illustrating the varia-

tion of b.w. o. RrF output power with deviation for the various modulation

frequencies for each tube tested. Considerable differences existed between

different tubes of the same type and also, as expected, between different

tube types. Table I surmrises the measurements made on the various tubes,

the modulation frequencies used, and the appropriate graphs illustrating the

results for each tube type.

Table I

SU1W1flY OF~ TESTS 11ME

Freuencv range No. 1dulation frequency

Tube type M/s tested .b/s Figure

VX9224 .(CV6102) 520-670 6 5, 3, 10 4, 5

VX9239 (CV6124) 660-860 6 2.5, 5, 8, 10, 16 6, 7, 8

VX9250 850-1100 8 2.5, 5, 10 9, 10

VX9240 1060-1370 4 2.5, 5, 10 li, 12

VX3510 (cv247o) 2500-3100 3 16 13

VX3512 (CV2471) 3000-4000 4 16 14

I 16

VX3536 5100-6700 2 Severe burning of dc input
socket prevented test

____continuing.

4.2 In order to illustrate the trends when modulating b.w.o.s at high

frequencies a second series of graphs have been produced in which the power

output is plotted as a function of the product (total deviation x modulating

frequency), i.e., (2AF • f). In these graphs the results for the various

modulating frequencies tend to fall on the same curve, thus indicating that

the parameter determining the power loss is this product and not simply the

deviation or the modulating frequency.

C0N NTENAIA I
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4.3 Detailed results for valve types

4.3. 1 VX9224/CV6102

Fig. 4 illustrates the fall off in power output as the modulating

frequency and deviation are increased. At 5 Ib/s little fall off occurs even

at deviations equal to the tuning range of the valve. At 8 M/s the power is

approximately halved -with 100 1vb/s deviation whilst 10 'l,/s causes a fall to

less than 100 w (-6 dB) when deviations in excess of 100 lb/s are employed.

Fig.5 suxrmarises this in the plot of the product (2F • f) against power out-

put. The safe maximum value for the valves tested lies in the region of

800 (,4/s x 116/s). It is interesting to note from Pig.5 that two distinct

families of curves appear although all the valves are of nominally identical

construction.

4.3.2 VX9239/CV6124

As in the VX9224 the fall off in power illustrated in Fig. 6 increases

with increasing modulating frequency and deviation. 2.5 aid 5 IvL/s cause

little loss of power even at full deviation but at 8 ll/s the power output

is rather more than halved under this condition. The 10 Mo/s figures vary

rather more from valve to valve and serious losses of power result for some

valves (-8 dB). The loss of power when a modulating frequency of 16 LM/s

was used was very rapid for increases in deviation above a few tens of Ma/s.

The plotting of curves relating power output to (2AF • f) was found to be

difficult as the power losses for given (2AF • f) products for different

modulation frequencies varied considerably - see Fig.7. 1ig. 8 therefore is

plotted with the points obtained from all the tests made but not Joined up

for particular valves. The same general shape as in Fig.5 is seen to emerge,

the limiting product being around 1000.

4.3.3 9

With this valve type extremely consistent results were obtained from
the eight valves testedso much so that it was not possible to separate the

lines of several of them. As before the same general shapes are illustrated

in Fig.9 but for this valve type a modulating frequency of 10 Hic/s only causes

little over a halving of output power nt full deviation. Fig. 10 illustrates

the (2AF • f) vs. power characteristic and it appears that the limiting product

is about 1500.

4. 3. 4 V,',2240

Results for the VX9210 valves tested are similar to those of VX9250 in

that modulation at 10 Me/s over the full deviation causes a power fall of

CO,ThIDLENTI.AL
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about half (Fig. 11). Because of the wider tuning range the limiting value of

the product thus increases to about 2000 (Pig.12). There was, however, a

considerable scatter in the results for the few valves tested, one in

particular being considerrbly different. It is possible that, as in the case

of the VX92214, two distinct families of curves eadst but insufficient valves

were tested to arrive at any definite conclusion.

4.3.5 VX3510/CV2470

These valves were only tested at 16 lrb/s modulating frequenay ard so the

graphs of power vs. deviation and product (2AF * f) are combined. It is

difficult to arrive at any useful conclusions on the results of the three

valves tested as three distinctly different characteristics resulted - 'g.13.

Both the higher powered valves showed a tendency to lose power as the devia-

tion was increased but the low power valve actually gave more power at full

deviation. The limiting valve of (2AF • f) assumed for this valve is there-

fore rather arbitrarily chosen at 10000.

4.3. 6 VX3512/CV2471

The results for this tube type were much more in line with the others

than the VX3510, and shmed the general tendency of loss of power with increas-

ing deviation - see Fig. 14 The limiting product is taken as 15000. It seems

likely that both this valve type and the VX3510 can be modulated over their
tuning ranges at 16 Mc/s without serious loss of power but tests on more

valves are really required to be certain.

4. 3.7 VX_3

As mentioned in Section 1 tests on two samples of this valve wore

attempted with a modulating frequency of 16 lb/s. When more than a few tens
of volts of modulation were applied, burning of the material in the do input

socket occurred and it was not possible to make any useful measurements.

4.4 In the course of p,,rforming the tests on the S-band b.w.o.s, VX3510/
CV2470 and VX3512/CV2471, it was noticed that the Q factor of the resonant

circuit which included the b.w.o. capacitance was much lovier than with the

other tube types tested, and that when the tubes had been operated at large

deviations for some time considerable heating of thu do input socket occurred.

Further investigation revealed that the cause of theso effects was the

rubber material with which the do input socket is filled, which exhibits

considerable loss at frequencios of about 10 Me/s and above. Measurements

with a Q-metor on the line-sole electrode connections of a cold b.w.o.
indicated an equivalent shunt loas resistance in the region of 13 kO at

CONFIDT1IAL
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16 Mc/s, which would dissipate some 40 watts with sufficient 16 IT/s modulat-

ing voltage to fully deviate the valve.

4.5 Measurements of input impedance at frequencies in the 10-30 M/s region

of VX3510/CV2470 and VX3512/CV2471 valves were nade in the course of the

investigation mentioned in 4. 4 above. These showed that at frequencies within

this band resonances occurred of the b.w.o, internal electrodes with the leads

from the do input socket (rig.15). Under conditions of series resonance of the

sole-line capacitance with the sole lead inductance it is possible to have an

appreciably larger modulation voltage appearing across between line and sole

than is applied at the input socket of the valve. However, these effects

occur mainly in the region of 30 11/s, which is too high for useful modulation

purposes, and vary considerably from valve to valve.

5 DISCUSSION OF iMiSULTS

5.1 The general form of the graphs illustrating the effect on a particular

b.w.o. type is a decrease in power output with increasing deviation, the

reduction being greater the higher the modulating frequency. The graphs

showing the variation of power with (2AP • f) do in general illustrate that

the power reduction is proportional to this quantity rather than just the

deviation or modulating frequency. The quantity (2AF * f) is equal to the

mean rate of change of frequency and thus it is not surprising that it is an

important parameter.

5.2 Appendix C contains a brief derivation associating the mean rate of

change of frequency under modulation conditions (2AP . f) with other parameters

of the valve such as the oscillation build-up time and the transit time along

the delay line. From this it is shown that [(2AP - f) t/fmid] should be

constant for all valves (of similar design and operating conditions). The

various values of this expression have been calculated for the tube types

tested from the measured results and known tube parameters and are given in

Table 2. It can be seen that the values vary from 23 to 35 x 10- 3 . Such a

variation is small for the wide frequency range covered by the valves (520 14/s

to 4000 lb/s) and tends to confirm the argument advanced in Appendix C.

5.3 As the valves in the experiments described in this report were modulated

by sinusoidal waveforms, tho expression (2AF e f) is only the mean rate of

change, as if the waveform were triangular. The actual rates vary over the

cycle from zero to rather faster than the moan. There will thus be a tendency

for the loss of power to vary over the modulation cycle, being greatest near

the zero crossings and least at the extremities. This indicates a greater

CON IDENTIAL
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loss of power in the sidebands near the carrier as compared with those at the

extremities of the deviation. It was not possible in the experiments described

to observe this effect because of the variable sensitivity of the spectrum

analysers as a function of frequency.

5.4 There is some evidence, notably in Fig.5, for a particular valve type

to have two distinct families of cures although the valves are of nominally

identical construction. The two sets are those which exhibit a rapid fall off

in power, followed by a terdency to flatten out at around 100 watts, and those

which maintain high power out to roughly tvrice the deviation and then exhibit

a rapid fall off. On the limited number tested there was a tendency for the

valves with high initial powers to be of the first type, while those of lower

normal output were of the second. A possible explanation, if this is the

case, is that the high pager valves have a more efficient interaction between

the RP wave and the el.2ctron beam, and are thus proportionally more disturbed

by the modulation. However, in view of the paucity of data this can be

regarded as no more than a suggestion. A similar effect is also exhibited by

VX3510/CV2470 (Fig. 13) where tho highcr power valves are more affected by the

16 3,/s modulation.

5.5 As shown in Figs.6, 7 and 8, it was not possible to draw useful curves

relating (20 * f) to the output power for the VX9239/CV6124 valves tasted,

as the values of power for the same (2VF • f') for different modulating

frequencies differed widely (Fig.7). Fig.8 therofore is made up of all the

points measured and calculated as (2AP • f) to give an impression of the

shape. From this has been derived the value of (2AF * f) at -3 dB power used

in Ta'ble 2. The reason for the variability of the offects on this valve type

are not understood.

5.6 Difficulties were experienod during the tests on the S and 0-band

valvos due to the presence of lossy material in the do input socket and long

connecting leads in tho valve. Those difficulties are impossible to avoid

once the valve has been manufactured and it should be standard practice to

avoid such materials on any new designs of valve which may need to be

modulated at high frequencies.

6 CONOIM;SIOS

6.1 The affect on a backward wave oscillator tube of frequency modulation at

a high frequency is to cause a reduction in output power. The reduction is
greater for high frquercias and large doviations, Quite serious reductions

oan be exhibited by b.w. o.s, for example normal output powers in exess of
300 W fallirg to less than 50 .i when modulated at 10 M/s in the oase of

VX9O2O2+.
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6.2 For deviations comparable ,rith the tuning range of the valve the effect

of modulation at a partioular frequency is less for valves operating at the

higher frequencies. It is thus difficult to choose a single high modulating

frequency suitable for modulating a range of b,.wo.s extending from say

500 lb/s to 1O M/s i.f substantial deviations are required. For full
deviations the maxiwm modulation freqpuencies vary from about 8 Mo/s for the

VX9224/CV6102 (520-670 M/s) to around 16 Mc/s for VZ3512/CV2471 (3000-L4000

6.3 For the majority of valves tested the power loss appeared to be related

to the product of the deviation and the modulating frequency (approximately

the rate of change of frequency). Each valve type had a limiting value of

this product beyond which substantial loss of power occurred. This va3ue

varied from about 800 for VX9224/CV6102 to something in the region of 15000
for TX3512/V2471. With a knovledge o. the limiting value it is possible to
estimate the maximum modulating frequency that can be employed with a desired

deviation.

6.4 The results of the experimental work described in the report tend to

confirm the existence of a useful relation between the limiting product and

certain valve design parameters. It should thus be possible, with a knowledge

of the delay line length and dispersion ratio for a particular valve type, to

predict the approximate limiting value of thn: product. This is, however, only

likely to be true if the b.w.o, concerned has been designed on classical

prinoiplos and employs similar electrode voltages arri currents to those tested

here,

6.5 The tests on the S-band b.w.o.s VX3510/CV2.70 and VX3512/CV2471, and

the C-bard VX3536 showed that the types of do input socket used introduced

difficulties in modulating the valves at high frequencies ovar large deviations

because of two separate effects. The more serious dUfioulty is the loss of
modulation frequoncy power in the rubber material with which the plug is filled,
which causes an increase in modulator power required and heating of the plug.
The other effoct is only likely to be important if frequencies in omess of
20 Mo/s arc employed, and is the tendency for the solo to line oapaoitance of
the tube to resonate with the series inductance of the relatively long input
leads employad in the valve and input socket of the S-band valves. This
latter effect may in some oases be beneficial as far as mordlation power
requiremonts are concerned but the effoot varies from valve to valve, Care

should be taken in new valve designs to avoid the use oi' such lossy matorials

and to keep elootrodoe lads short.

CONV'hIAL
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AiPenIix A

DVIT-AI% OF r, 'J.. OSCILL=ATC VALVE TY? rS US) IN TESTS

V ruinium Typical Line to Line voltage
valve re power pover rest range

type output output capacitance kV
watts watts p min. max.

TX9224
V62 1 ~ 520-670 250 350 125

0V6102

VX9239 60-860 '50 500 125
cV6124 25 1.5 5.0

X9250 850-1100 250 450 105

VX9240 1060-1370 200 450 105

C.35 o 0 2500-3100 150 350 65
CV21470 i24-702.0 

5.1
* VX3512 13000-ooo 150 300 65
CV2 147 1 ______

2 CTMCDD VOLT IGES AM CIrm-TT3

(al valves)

Line current (operating) 350 rA

Sole voltage (rai - max) -500 to -1500

Sole current (max) -80 mA

Line voltage variation to tune
valve over frequency ran,.e 2.5 kV(max) ':

Plate voltage (max) 2 kV

COHI"II INTIAL
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Appendix B

A 12THOD OF MASURING TIL DjlvTATION OP1 A CARRIM

Di EN~CY MITCDLkT-'D BY .A SINTUSOflDAL WAVIV"ORMI

B. I When a carrier is frequency modulated by a sinusoidal waveform, the result-

ing RP spectrum consists of a series of lines spaced by the iiodulating frequency

extering approximately from one deviation extremtity to the other, The aplitude

of the lines is given by the expression

a = A sin (27Ft + M sin 2%ft) (I)

where P = carrier frequency

f = modulating frequency

M = modulation index = AO/f

AF = deviation.

The expansion of expression (i) is the well knovn one involving Bessel

coefficients, as follows:-

a = A [J0(1) sin Wlt ±J(1() sin 2%(P t f)t

+J2 (M) sin 2I(F ± 2f)t

±J3 (M)sin 2 (F ± 3f)t

etc. (2)

From expression (2) it can be seen that the amplitudes of the various lines are

given by the coefficient Jn(M) for the pair of sidebands of order n from the

carrier. For certain values of M it is clear that J0 (1) vrill be zero and for

this value of modulation index the carrier will disappear. For a fixed modulat-

ing frequency therefore, and a variable deviation tha carrier will disappear at

values of M, such that J0 (11) = 0, i.e., 1. = 2.4, 5.52, 8.65 etc. Similarly, the

pair of sidebanda adjacent to the carrior will disappear when the modulation
index is such that JI(Y,) = 0, i.e., when M = 3.83, 7.01, 10.17 etc; and so on

for all the other sidebards.

B.2 The deviation is therefore readily obtained by observing with a waveeter

tuned to the appropriate frequency or a spectrum analyser the amplitude of the

appropriate sidebard. Adjuatmnt of the deviation will cause the amplitude to

fall to zero ard by reference to a table of zeros of Bessol functions and a

knowledge of the modulating irequency the deviation can be quickly calculated.

coNDNI = L
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In practice it is quite easy to observe the disappearance of the sideband and
the method has been found to give accurate, repeatable results.

B.3 The sidebands and zeros used should be chosen in relation to the modula-

tion index expected. For low indices the first few zeros of J and J1 are

quite sufficient and are easy to distinguish: these were generally used in
the measurements on the low frequency b.w.o. valves. For large values of 11
it is more appropriate to employ the first zeros of thc higher order functions

J10' 11 etc. The measurements made on the S-band valves, for example, employed
the first zero of the odd n-,bered siebands up to J27, which corresponded to a
peak to peak deviation of 1053 1b/s for a modulating frequency of 16 1,1/s.

B.4 The above discussion assumes that pure frequency modulation of a carrier

only is present. In the case of backward wave oscillators, the power output
varies with frequency by typically 2 dB over the operating range of the valve,
and thus frequency modulation causes incidental amplitude modulation. A
curve showing the typical variation of power output with frequency is given in
Fig. 16. The effect of the incidental amplitude modulation is to prevent the

amplitude of a particular line falling to zero and thus it is necassary to
adjust the deviation to give a minimum rather than a zero. In practice, with
the degreu of amplitude modulation present, the minima observed on spectrum

analysers approach zeros.

B.5 Because of this variation of output power ith operating frequency the

unmodulatod power at the centre band frequency cannot be used as a reference.
A mean output power for the operating range of the valve was obtained by
modulating with a 50 c/s sine wave over the conmplte tuning range.

CONFID. NTIAL
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Appendix C

THE EFFECT OF FREOUTNCY MDULATION ON A BACVJARD WAVE OSCILLATOR

Consider a bandwidth B within which interaction of the U wave on the slovw

wave structure and the electron beam can occur successfully and oscillation

build up take place, Then providsd the rate of change of frequency is less than

this bandwidth in the build up time of the oscillations it can be assumed that

little or no loss of power vill result from IM. e can say therefore that for

negligible power loss

df B
Tt < Y T = build up time

Now T = kt where t = transit time of electrons along the slow wave structure.

Therefore

df BT "

But B will be proportional to the tube centre frequency for a classical inter-

digital line and thus

B = k' " fmid U

We therefore have the limiting condition beyond which povter loss v~i3l occur:

d~f k f mid fmid
dt kt t

Approximating df/dt to the mean rate of change of frequency (2F f t) we have

(2A k" )=% m or
t

( * ). t
m2a. - constant (k") .

CO'IDETLTAL
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